Co and Zn ferrites with general formula CO 1-X Zn X Fe 2 O 4 (x = 0; 0,2 and 0,8) were synthesized by combustion reaction method, using urea as fuel. The structure of inverse-spinel-type ferrite were characterized through XRD using Rietveld refinement method to identify, quantify phases and determine lattice parameters. The crystallites had mean size of 37,33 nm, 43,66 nm and 51.88 nm with the increment of Zn 2+ , respectively. Samples were sintered in a resistive oven at 900 °C for 3 hours. Analysis by SEM indicated that the particles have irregular sizes and high concentration of open pores. The magnetic properties were measured using a vibrating sample magnetometer (VSM), through which a decrease in the magnetization variation was observed as the non-magnetic Zn 2+ concentration increases. The permittivity and loss tangent were determined using vector network analyzer equipment, permittivity increases with the increase of zinc concentration and the tangent loss measurements were small for all ferrites synthesized in this work.
Introduction
Spinel ferrites such as zinc ferrites, have great potential for applications in multi-functional devices such as magnetic field sensors, memory devices 1, 2 , electric field converters in microwave region, electromagnetic wave filters, phase shifters, waveguides, oscillators and others 3 . Nanopowders of ferrites exhibits special magnetics and electrical properties, that are sensible to structure, synthesis method, particle size and cation distribution between A and B sites 4 . Ferrites have a general formula AB 2 O 4 , in which A has tetrahedral sites and B has octahedral sites, its well known that ferrites can be assumed an inverse format spinel, wherein the B site atoms can migrate to the positions of A site atoms, and the A site atoms can migrate to the positions of B site, this property of cation migration between sites is responsible for the tunable technical features of ferrites 5 . The search for ceramic nanostructured materials with important physical and chemical properties has been the major focus of intensive research by several groups around the world 6, 7 , ferrites were synthesized by various routes such as ceramic 8 , Sol-Gel 9 , hydrothermal 10 , Pechini route 11 , and others. In this context, combustion method has been used to obtain ferrite based materials of various metals, combustion is characterized by producing pure powders at low cost and with a short time of synthesis. Some works related that this method can obtain nanopowders with high crystallinity 12 . In combustion method the choice of a suitable reducer has an important hole. Among the most commonly used reducers are urea, glycine and carbohydrazin. All mentioned reducers act as fuels. The heat released by the fuel should be enough for the formation of desired products. Several works reported that urea is a fuel used to form nanopowders and, during the reaction, a large amount of gases are formed, which favors powders with high crystallinity and homogeneity [13] [14] [15] . CoFe 2 O 4 is a well known hard magnetic ferrite, with moderate saturation magnetization and high coercive field, that can be modified by addition of amounts of Zn
2+
. In our research we admit that Zn 2+ can migrate to tetrahedral and octahedral positions. This continuous migration modifies the magnetic and electrical properties 16 . In this paper we relate that the substitution of Co 2+ by Zn 2+ causes a decrease in lattice parameter and an abruptly change in anisotropy constant with formation of superparamagnetic material.
In the present work, cobalt and zinc ferrites with composition Co (1-X) Zn (X) Fe 2 O 4 (where X = 0,0; 0,2 and 0,8) were synthesized. X-Ray Powder Diffraction (XRD), Rietveld method, Scanning Electron Microscopy (SEM), vibrating sample magnetometer (VSM) and electrical properties, such as permittivity and loss tangent, were measured at room temperature, with the objective to determine the influence of Zn 2+ addition on the structural parameters, magnetic properties and a cation distribution between A and B sites of ferrites. 3 .9H 2 O, were used as precursor reagents (oxidants) and as source of cations. Urea was used as fuel and reducing agent CO(NH 2 ) 2 , all weighed, mixed, solubilized and homogenized in 10 mL of deionized water. Stoichiometry, mass ratio and number of moles of each component were determined based on the chemistry of propellants and explosives, which are based on the total valence of oxidants and reductants reagents. In combustion method, the valence of elements are used in form to establish a relation between quantities of oxidants and fuels (reductants), with basis in stoichiometry established previously. In propellant chemistry was defined the concepts of valences of oxidizing and reductants [17] [18] , carbon, hydrogen, iron, cobalt, and zinc, with respective valences +4, +1, +3 and +2, oxygen is considered like as oxidant element with valence -2, and nitrogen is a neutral element with valence equal a 0. The valences for all species are Fe(NO 3 ) 3 .9H 2 O = -15, Co(NO 3 ) 2 .6H 2 O = -10, Zn(NO 3 ) 2 .6H 2 O = -10, CO(NH 2 ) 2 = +6, the quantity of CO(NH 2 ) 2 which will be used in combustions reactions is determined by equation 1:
Material and Methods

Chemicals and synthesis
For ferrites with general formula CO 1-X Zn X Fe 2 O 4 , the amount of Urea is calculated by -10 .(Quantity in A site)+(-15) .(Quantity in B site)+6.n=0, thequantity of urea is n = 6,67, for balancing we will consider the value 7. When valences are balanced, we can get the stoichiometry admitting that some gases are formed in reactions of combustions such as, CO 2(g) , NO 2(g) , H 2 O(g). The combustion reactions involved in the synthesis of all samples are described below: Precursors are placed in a crucible and heated to undergo combustion process. Upon heat in the hot plate and the heat released by urea, the temperature of the reaction medium is progressively increased, then combustion reaction is clear when the high-viscosity mixture reaches temperature around at 450°C. Reaction process is carried out within a few seconds, exceeding temperature of 600°C. Consequently, ceramic powders are obtained.
Instrumentation
The X-ray diffractograms were made on XRD-7000 from Shimadzu, measurement conditions of the ceramic materials were recorded operating at 40 kV of tension and current of 30 mA. With a scan step of 0.02° and 2θ pre timing defined in 1,2 seconds, in the 2θ range of 15° to 80°. Ferrites obtained by combustion, which are ceramic powders from mixtures of upper nanostructured oxides, were characterized by XRD and then the diffraction data received refinement treatment by the Rietveld method. The methodology application of the Rietveld method used in this study is described in Abhijit et al. (2012) 1 s, Scanning Electron Microscopy (SEM) was performed with TM 3000 from Hitachi, with magnification of 5000x on 15 kV and resolution of 512 x 384 pixels, with images of 32,3 µm for these compositions.
Magnetic characterizations were measured using a vibrating sample magnetometer (VSM) that allows measures in range between 77 -650 K in magnetic fields until 10 kOe. Electrical properties such as permittivity and loss tangent were determined using a vector network analyzer equipment ROHDE & SCHWARZ model ZVB14.
Results and Discussion
XRD analysis and rietveld method
The XRD patterns of all samples are shown in figure 1 for CoFe 2 The crystallite size of all samples were estimated from the line broadening of the most intense peak in spinel (311), using Scherrer equation 2:
In Scherrer equation, D corresponds to crystallite size, λ is the wavelength of the incident x-ray, 2θ is the Bragg angle and β is the full width at half maximum (FWHM) of the most intense peak and K is a shape factor equal to 0,94. All results from crystallites sizes and crystallinities are summarized in table 1. The crystallite size and crystallinity increases with concentration of Zn 2+ . In figure 1 we observed a continuously shift to small 2θ angles, that indicates an increase in lattice parameter, such shift indicates that this growth in lattice parameter may be justified by the differences between ionic radii of A and B sites. 
In that equation, "d hkl " is the interplanar spacing, estimated by Bragg equation 4, on which "h k l" are miller indices, and "a" is lattice parameter.
By the possibility about cation migrations between both sites, we can investigate the lattice parameter for CoFe 2 to octahedral sites, causes the increment in lattice constant. The Rietveld method used for the data neutron diffraction of powder consists of a theoretical adjustment calculated from experimentally measured crystallographic information 22 . In the practical part will be used free software MAUD (Materials Analysis Using Diffraction) for the refinement of the diffraction of X-rays. [23] [24] .
The quality of refinement is available by some indexes, like weighted profile factor R wp . If R wp is decreasing, then the refinement process is successful. "Sig" or "GoFGoodness of Fit" refers to the standard setting grade used in the experimental XRD patterns results, usually we look for low values for Sig 25 . R EXP is expected weighted profile factor and R b is the Bragg factor, they are defined like as follows To evaluate the quality of refinement, the disagreement indexes "Sig" and "R wp "
22 are used, and these parameters must present values less than 2, for materials with two or more phases. For the process to be considered a good refinement "Sig" parameter needs to be closer to one, better will be the process efficiency 22, 25, 27 . In this work we use Rietveld method to quantify indexes phases to XRD and calculate the lattice parameters. All results by Rietveld Method are summarized in Table 2 Rietveld refinement was performed multiple times, searching small values of R's parameters. the refinement was proceeded by several settings in chemical composition of ferrites by changing atoms to octahedral and tetrahedral sites. In Figure 2 8, 7160 .
In Figure 4 we observe the ferrite Co 0.2 Zn 0.8 Fe 2 O 4 refined composition in R WP parameters (%) 12,3372; R b (%) 9,3424; Sig 1,4044 and R exp 8,7849 having narrow peaks with high intensity, indicating high material crystallinity with increase of zinc concentration.
Scanning electron microscopy
Scanning Electron Microscopy (SEM) was performed with magnification of 5000x on 15 kV and resolution of 512 x 384 pixels, with images of 32,3 µm for these compositions. The images show particles with uniform morphology irregular size and high concentration of open pores, indicating that some compositions may present segregation of components with consequent volatilization. Figure 5 The growth of the crystallite size is favored by temperature and ionic diffusion. There is formation of agglomerates due to "intermolecular" interactions of van der Waals type; with spherical morphology of agglomerates composed of cubic structure ferrite nanocrystals, according to results obtained by XRD patterns.
Cation distribution and magnetic properties
The lattice parameter is sensible to cation distribution in octahedral and tetrahedral sites. In present work we supposed the cation distribution by the following relations 28, 29 : (9) (0 µ B ), each ionic species has its magnetic moment estimated by bohr magneton coming from eletronic distribution on d orbital. By Néel's theory, the resulting magnetization is supported through the difference between magnetization on B site by A site, and both sites are collinear and antiparallel each other.
In table 3 to an increase in magnetization on site A, so the difference between them will be smaller, justifying the fact that the higher the increase of Zn, the smaller the magnetization. VSM graphs and hysteresis loops of Co 1-x Zn x Fe 2 O 4 are shown in figure 6 , magnetic properties like M S (saturation magnetization), H C (coercivity Field), M R (remanent Magnetization), squareness ratio and anisotropy crystallinity were calculated and all results for VSM analysis at room temperature are summarized in table 4 22, 64 Oe to 0 Oe and 500 G to 0 G respectively, with the increase of zinc concentration.
In this work we use coercivity and saturation magnetization to determine the anisotropy constant (K) 30, 35 , using the following relationship: 
Electrical properties
The following electrical properties of ferrites are shown in Figure 7 : (a): permittivity and (b) loss tangent. These properties were determined using a network analyzer at frequency range of 8,0 GHz to 12,5 GHz. This information is important for materials intended to be applied in telecommunications technology. The curves presents low permittivity, with a mean value of 1.0 as function of the frequency applied, indicating its functionality possibilities to work with terahertz frequency. Others have larger electrical permittivity values, with range of 4-5 for high frequency bands which have been applied. However these ceramic materials have small loss tangent levels. Because of the complementarities between magnetic loss and dielectric loss can induce the ferrites Co 0. 8 composition is presented as a material with antiferromagnetic properties of very low electrical permittivity and low electrical loss tangent. Materials with these characteristics have magnetic susceptibility value less than zero. Applications of materials with these features are used in devices that require antennas with receiving technology, which is needed to operate at high frequencies of terahertz order, due to their very low electrical permittivity as well in the use of devices of dielectric antenna technology (DRA) as being an excellent option. The toroidal cores of switched-mode power supply transformers uses ferrites materials with these characteristics [37] [38] [39] . These materials have characteristics which allows their use both as insaturable reactors, and in switched-mode power supply transformers, with high dielectric constant and low loss rate, making them potential candidates for microwave and dielectric resonators [40] [41] [42] . The ferrite sample obtained in this work with the CoFe 2 O 4 composition in which curve has larger hysteresis, namely wider (hard material), has characteristics peculiar to a material that can be used in saturable reactors, electric motors, instruments for measuring electric quantities and acoustic transducers such as microphones and speakers [43] [44] [45] . The sample that showed best simultaneous results was Co 0.2 Zn 0.8 Fe 2 O 4 . It has low saturation magnetization and remaining magnetization, smalls coercive field and hysteresis loss. In addition Co 0.2 Zn 0.8 Fe 2 O 4 also exhibits low electrical permittivity and small loss tangent, it is shown that its magnetic and electrical properties are interesting to applications in telecommunications devices.
Conclusions
Co ( , the lattice parameter and crystallite size also increases. Cation distribution shows the preference of Zn 2+ for B sites. It was clearly noticeable that the variation of the concentration of the cobalt element and the introduction of the element Zn exerted a predominant influence on the magnetic behavior of the ferrite samples prepared in this work. Briefly, in terms of magnetic properties, it was found that the obtained sample containing 0,2 mol of Zn was presented as a soft material, with changes in saturation magnetization and coercivity field when compared to the sample containing zero concentration of Zn presented as a hard material. This difference in the hysteresis of these both samples will inevitably imply differences in their magnetic behavior potentials. Possible applications of these ceramic powders ferrite obtained in this study are in the industrial or electronics market, which are of great importance due to their low cost and easy production through simpler synthesis methods, such as combustion reaction.
